Aim: To evaluate the morphostructural aspects and nail vascularity in the nail unit of patients with psoriasis, and to evaluate whether there are differences among psoriatic patients with and without nail involvement. Material and methods: Nail plates and nail bed changes, nailfold vessel resistance index (NVRI), power and color Doppler blood flow appearances were investigated in 23 patients with moderate-to-severe psoriasis, with and without nail involvement, and compared to those of 11 healthy participants. Results: Ventral nail plate deposits were present only in psoriasis patients. Irregular or totally fused nail plates and increased nail plate thickness was frequently observed in psoriasis patients compared to controls. NVRI was increased in psoriatic patients' nails compared to controls (0.62 vs. 0.57, p<0.0001). In the psoriasis patient group there was significant statistical difference in NVRI in patients with nail involvement compared to those without (0.66 vs. 0.55, p<0.0001). Conclusions: High-frequency gray scale sonography provides valuable information regarding morphostructural changes in nail unit structure in patients with psoriasis. Power Doppler imaging enables blood flow assessment in psoriasis nail induced changes.
Introduction
Psoriasis is a chronic, relapsing skin disease affecting millions of people worldwide, with a general prevalence estimated to be approximately 2-3% [1] . While skin lesions are the most typical findings of psoriasis, nail involvement is an often-overlooked clinical manifestation of the disease. Nail changes were reported to occur in up to 40% of patients with mild psoriasis and 50-70% with severe disease [2, 3] . Samman et al reported an 80% to 90% lifetime incidence of nail involvement in psoriatic patients [4] . Nail psoriasis, in the absence of cutaneous lesions, can be present in 5% of patients [5] and represents a special diagnostic challenge.
Traditionally, nail psoriasis is a clinical diagnosis due to the fact that nail biopsy, besides being a bleeding and painful procedure, may cause detrimental cosmetic changes such as scarring and permanent nail dystrophy [6] . Dermoscopy and videodermoscopy, generally used in describing benign and malignant tumoral skin lesions, were reported as being non-invasive, quickly applied, and easy-to-use methods that may aid in diagnosing nail psoriasis [7] [8] [9] [10] . Capillaroscopy, usually used to study the microcirculation in collagen disease, can also be used to detect psoriasis induced microvascular changes, such as decreased capillary density and avascular areas in the periungual area [11] .
High-resolution ultrasonography (HRUS) was used in assessing nail apparatus anatomy and soft tissues changes in patients with different nail pathologies and provided appropriate diagnosis and additional informa-tion to the clinical examination [12] . Easy to perform and having no risk of irradiation, HRUS has been proposed as a valuable imaging method in assessing the extension and activity of both nail and cutaneous psoriasis [13, 14] .
The aim of this study was to evaluate both the morphological appearance and blood flow changes in the nail apparatus of patients with psoriasis compared to disease free controls using gray-scale and color and power Doppler HRUS.
Material and methods

Study design
This was a single center, transversal, observational study, from July 2014 until March 2015. Twenty-three adult patients (age > 18 years old), with moderate-to-severe chronic plaque psoriasis measured by Psoriasis Area and Severity Index (PASI>10), lasting at least 6 months, with or without fingernail involvement were included in the case group. Patients with clinical psoriatic arthritis or other inflammatory conditions affecting joints, such as rheumatoid arthritis, were excluded. Patients with diabetes, arterial hypertension, smokers (patients who smoked cigarettes daily or who had stopped smoking <10 years before enrollment in the study), and patients following systemic or topical treatment on their nails (for nail psoriasis) at the time of the clinical examination or in the last 3 month prior to examination, or having a skin disease that is associated with nail involvement and those who used artificial nails in the past 6 months were also excluded. The control group consisted of eleven nonsmoking healthy subjects, age and sex matched with the cases, without psoriatic arthritis, diabetes, or arterial hypertension. The University Ethics Committee approved the study and all subjects gave their written consent prior to the enrollment.
Clinical evaluation All subjects were interviewed to collect demographical data: age, gender, age of onset and duration of psoriasis, age of onset, and duration of fingernail psoriasis. The severity of skin psoriasis was assessed using PASI (ranging from 0-no disease to 72-maximal disease), a score that combines the severity (erythema, induration, and desquamation) and percentage of affected area [15] . Onycomycosis was excluded by direct microscopic examination (10% potassium hydroxide) in patients with nail bed hyperkeratosis.
Ultrasonography assessment Real-time HRUS was performed by an experienced sonographer with more than 15 years' experience using an Ultrasonix Sonotouch scanner (Ultrasonix Medical Corporation, Richmond, Canada) equipped with a variable-frequency transducer ranging from 8 to 40 MHz (focal range 0.2-3 cm, image field 16 mm) to visualize nail anatomy.
In order to observe the blood flow a Hitachi EUB 8500 System equipped with a variable-frequency transducer ranging from 6.5-13 MHz was used. The imaging parameters for Doppler ultrasound examinations were set to increase the detection of low-velocity, low-volume flows within the small inside of the nail bed (color Doppler: PRF 500-1000 Hz, wall filter 25-50 Hz, power Doppler: PRF 350-700 Hz, wall filter 22-50 Hz; color and power Doppler: color gain maximized for optimal sensitivity while avoiding excessive color noise, color vs. echo priority ranging from 70 to 90% and color persistence adjusted to high values).
The sonographic examinations were performed in a room with a constant controlled temperature of 24ºC, after a 20 minute rest period. The patient was seated, with the forearm in a neutral position over the table and the nails were scanned on longitudinal and transverse planes. The ultrasound gel had sufficient quantity so that the transducer exerted no compression, to avoid alteration of nail thickness or blood flow.
Each fingernail was scanned in the gray scale mode with 40MHz frequency transducer to detect morphostructural changes (deposits in dorsal nail plate, nail plates irregularities and thickness, nail bed thickness), and afterwards with the power Doppler technique to enable blood flow visualization. Nail plate thickness represents the distance between the two nail plates. Nail bed thickness was obtained by measuring the distance from the ventral nail plate to the dorsal of the distal phalanx at 2.5 mm from the proximal nail fold.
Using Doppler examination, in the proximal third of the nail plate of each fingernail, the maximum speeds of flow in systole (Qs) and in diastole (Qd) were registered and the nailfold vessel resistance index (NVRI) was assessed as the following ratio: (Qs-Qd)⁄Qs. The NVRI ratio ranges from 0 (no resistance to blood flow at all: no changes in the circulation of blood in systole and diastole) to 1 (maximum resistance to blood flow circulation of blood only at systole) [16] . Color and Power Doppler spots in nail bed were registered as follows: low <25%, medium 25-50%, and multiple >50% of nail bed's area occupied by vascular structures.
Statistical analysis
Descriptive and inferential statistical methods were applied using Statistica software (version 8, StatSoft, USA). Qualitative data were summarized as percentages and associated 95% confidence interval (provided in squared brackets along the manuscript) computed with an exact method [17] . The normal distribution of quantitative data was tested using the Shapiro-Wilks test and whenever the p-value was higher than 5%, data were considered normally distributed. Quantitative data that proved normally distributed were summarized as mean±standard deviation; otherwise median and interquartile range (expressed as Q1-Q3, where Q1 is the first quartile and Q3 is the third quartile) was used. Comparisons between groups were conducted with Z test for proportions (qualitative data), student t-test for independent samples for quantitative normally distributed data, and respectively Mann-Whitney test for quantitative data when Shapiro-Wilks null hypothesis (data follow normal distribution) failed to be rejected. Inferential statistical analysis was conducted at a significance level of 5%, and any p-value lower than 0.05 was considered statistically significant.
Results
Twenty-three patients with cutaneous psoriasis (14 with nail psoriasis and 9 without nail involvement) and eleven healthy subjects were included in the study. Thus, on the sample there were evaluated 122 nails belonging to patients with psoriasis and 82 nails belonging to controls.
Mean age in the control group was 46.09 years (±11.82SD), ranging from 20 to 59 years old, without significant differences when compared with patients in the psoriasis group (52.43±14.28SD).
Demographic and disease characteristics of the patients in psoriasis group are summarized in Table I. No statistical difference was observed between genders in the psoriasis patients, regarding mean age of onset of cutaneous psoriasis, mean duration of psoriasis or PASI score.
In the control group there were no ventral nail plate deposits or irregularities in any of the nail plates (p<0.05), and only a low number of spots on Color and Power Doppler imaging (fig 1) were detected.
In the psoriasis group 13.11% of the investigated nails presented deposits in the ventral plate; both of the nail plates had various degrees of involvement and the nail plates were significantly thicker compared to controls. Color and power Doppler assessment revealed an increased nail blood flow in psoriasis patients with a higher vascular resistance when compared to controls (fig 2, Table II) . Among patients with psoriasis, those who have had clinical fingernail involvement presented obvious morphostructural US modifications: ventral nail plate deposits, irregular or totally fused together nail plates were frequently observed in those with nail involvement compared to those without nail involvement.
Vascularization's assessment revealed significant differences between the two subgroups in psoriatic patients: those with clinical nail involvement displayed a great number of medium and multiple CD and PD spots, while those without nail involvement displayed more often a low number of spots on CD and PD imaging (fig 3) . The vascular resistance to blood flow measured by NVRI proved to be significantly higher in patients with psoriasis compared to controls, and among patients with psoriasis: those with nail involvement showed a higher mean±SD than those without (Table III) .
Sandobal et al measured the mean distance between the ventral plate and osseous margin of the distal phalanx and reported also higher values in psoriatic arthritis patients and patients with cutaneous psoriasis compared to rheumatoid arthritis patients [19] .
Elongated, twisted, and tortuous capillary loops, of the microvascular dermal plexus, lead to an increased blood flow in both the psoriatic skin and the nail bed [20] . In normal conditions, a minimal quantity of blood flow, due to thin arterial and venous vessels, can be occasionally detected by power Doppler in the nail bed [21] . Power Doppler was also reported as being a feasible highly sensitive tool in monitoring psoriatic plaque treatment response [22] .
In our study color and power Doppler imaging revealed increased blood flow in the enlarged vessels in the nail bed of patients with psoriasis compared to controls (p<0.005). This result is in line with those reported by other studies [13, 14] . When measuring NVRI, significant differences in the NVRI between patients and controls (p<0.0001) and among patients with psoriasis, those with clinical nail involvement had a median NVRI higher than those without nail involvement (p<0.0001). The same NVRI outcome was reported by Husein El-Ahmed et al in a study assessing NVRI in the fourth fingernail of the non-dominant hand in 23 psoriatic patients compared to controls. Interestingly, they stated that they observed a decreased blood supply in the nail bed in psoriatic patients, probably due to dysfunction among endothelial cells and wall vessel thickening [22] . The difference in blood flow supply reports between our study and this study could be explained by the fact that they enrolled patients with psoriasis under systemic treatment with methotrexate or biologic agents at the time of the sonographic evaluation, treatment that could have influenced measurement outcome.
We acknowledge the fact that the ultrasonographic evaluation was performed only by one evaluator and he could not be blinded to the clinical nail findings, but the statistical analysis revealed significant differences despite this limitation. Due to the synovio-entheseal inflammation that occurs in psoriatic arthritis and its anatomic proximity to the nail unit, patients with clinical psoriatic arthritis were not included in this study, in order to assess only nail psoriasis induced changes.
Our findings underline the necessity of correlating clinical modifications with ultrasound aspects in fingernail psoriasis: morphostructural changes in the nail unit could be detected in an early stage, even in clinical nonaffected nails, thus enhancing a precocious diagnosis and a better disease management. Nail bed's blood flow assessment revealed important data regarding microvas-
Discussions
Due to its major negative impact on the physical and social quality of life, in the last decade, there has been an increasing interest in assessing nail involvement in psoriatic patients. High-frequency ultrasonography probes and sensitive color and power Doppler technique permitted us to quantify both morphostructural and blood flow changes in the nail unit in patients with chronic moderate-to-severe cutaneous psoriasis.
Gray scale sonographic evaluation in nail apparatus showed deposits in the ventral nail plate only in patients with psoriasis, while none of the controls presented these changes. Moreover, among patients with psoriasis, the presence of ventral nail plate deposits were registered in 17.72% of the involved nails and in 4.62% of the nails without clinical signs of involvement (p<0.05). These changes suggest the fact that HRUS can detect subclinical modifications in ventral nail plate in patients with cutaneous psoriasis but without obvious clinical involvement.
We found increased nail plate thickness in patients with psoriasis compared to healthy controls, with a significant difference between those with and without clinical nail involvement, similar data being also reported by Gisondi et al [18] . In contrast with the same study, we did not find increased nail bed thickness in patients with psoriasis, even though this modification was expected. This fact could be explained by different anatomical sites of ultrasound measurement (we performed this measurement at 2.5 mm from the proximal nail fold) or by different stages of the nail disease (active or passive phase onichopathy). Also, the small number of enrolled patients and controls in our study could have influenced this outcome. In this matter, a histopathological investigation of nails could have helped in order to correlate high-frequency sonographic aspects with underlying anatomical changes. culatures alterations and could be taken in consideration as an adequate area to monitor targeted antiangiogenic therapy. This is the first study to report NVRI on a greater number of fingernail psoriasis and we propose this index to be taken into account when an ultrasound evaluation of this area is required.
In conclusion, we found that patients with psoriasis have ventral nail plate deposits, irregular or totally fused nail plates and increased nail plate thickness compared to controls. In patients with psoriasis, an increased blood supply and higher resistance to blood flow were observed in patients with nail involvement compared to those without clinically nail disease. Our observations confirm that a nail unit is a suitable anatomic location for assessing blood flow changes in psoriatic onychopathy using high-frequency sonography with sensitive Power Doppler imaging.
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